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Abstract-Hybrid biogas/solar renewable energy system is an electricity production system made up of combination of biogas and solar energy. This hybrid is considered to be best module because it is abundant and environmentally friendly due to the limited reserves of fossil fuels and global environmental concerns for the production of electrical power generation and utilization. This paper develops a general hybridized optimization model for biogas/solar system for electrical generation of Ade-Oyo in Ibadan, Oyo State. In this paper, a pig dug was used to prepare the digester materials for biogas energy while a Shockley diode principle was used for PV power model. Simulation was carried out using MATLAB software and the total power for the hybrid system is formulated. The result revealed that the total power generated by biogas/solar hybrid system is the addition of the power generated by the biogas energy and solar PV panel and is given as:
. The result shows that that there is a positive relationship between the electrical energy/power generated with biogas/solar energy. This paper will be helpful in demonstrating the viability of biogas/solar energy for rural communities and remote areas.
Index Terms-Biogas; Hybrid Renewable Energy; MATLAB; Power; Pig Dug; Simulation; Shockley Diode; Solar PV.
I. INTRODUCTION
Renewable energy resource is considered as a more suitable energy resource for sustainable development especially in the rural areas. It is environmentally friendly and thus lessens the effect of global warming. Despite the abundant renewable energy resources, many communities in Nigeria still live without access to electricity from the utility grid [3] , [6] . In Nigeria, approximately 40% of the populations are connected to the national grid, leaving the rest (mostly living in rural areas) to biomass/fuel wood consumption. There is a challenge to supply electricity to the population because there is no enough power generation to fulfill the current power demand or due to their geographical locations and economic constraints. It is evident that the country has a problem in the power sector, which operates below its estimated capacity. Since power sector is working below its estimated capacity therefore, power outage is frequent [14] , [8] .
In order to ameliorate this, the power generation system has to expand to exploit the renewable sources.
Hybrid renewable energy systems (HRES) are the possible means of electricity generation for rural areas. HRES is a term to describe the combination of two or more renewable sources [12] . Basic components of such systems are power sources (wind turbine, diesel engine generator, biogas and solar arrays), the battery and the power management center, which regulates power production from each of the sources [13] , [11] .
Biogas and solar energy were shown to be clean, available and inexhaustible which are also eco-friendly. These characteristics have made them more attractive and the energy sector is focusing on how to use these sources on a larger scale [15] , [2] . Biogas and solar combination consists of a photovoltaic array integrated with a biogas generator, a battery bank, a charge controller and a DC/AC converter, which forms a better option for a remote area that is not connected to the grid and is a best solution to electrification of remote areas, where extension of national grid is not a cost effective option. Hybrid of biogas-solar energy provide reduction in complexity, maintain lowest unit cost, energy fluctuations due to deficiency of power supply probability with the help of proper design, advanced fast response, good optimization and control feasibility [1] , [6] , [8] .
However, for the efficient design of hybrid biogas-solar energy system, there is need to develop an optimization model capable of indicating the best place for the system installation.
A. Solar PV Energy
Solar energy is the energy produced as a result of nuclear fusion of hydrogen within the mass of the sun. Solar power systems mainly consist of solar panel made up of Photovoltaic (PV) cells which emits electrons on absorption of heat and converts solar energy to electrical energy and batteries which store the power generated. PV system, also called solar cells or panels, converts the energy from sunlight into d.c electricity [9] . The solar panel consists of an appropriate number of solar cell modules connected in series or parallel based on the required current and voltage. The current produced is directly dependent on the intensity of light reaching the module. Several modules can be wired together to form an array [4] , [7] . 
B. Biogas Energy
Biogas is a biological gas which originates from bacteria in the process of biodegradation (fermentation) of organic material (from plants, animals and sometimes human origins) under anaerobic (oxygen free) and is one of the most widely used and familiar form of biomass. It is produced by microorganisms, especially in the absence of oxygen. Biogas can also be formed at the bottom of lakes where decaying organic matter builds up under wet and anaerobic conditions [9] , [11] , [3] .
The main factor for choosing this type of hybrid system consist for biogas and solar energy is that in remote areas, biogas is easily and economically available in the form of dung of cow, buffalo, goat etc. During the cloudy day, the total electricity production depends on the biogas when less sunlight is available. Since the peak operating time for biogas and solar system occur at different times of the day and year, hybrid system of biogas and solar are more likely to produce power when needed [13] , [5] , [10] .
II. MATERIALS AND METHOD
This research paper develops a general hybridized optimization model for optimization of hybrid biogas-solar power supply for Ade-Oyo community in Ibadan Oyo state with the aims to improving electricity access of the area. In this work, pig dung was used to prepare the digester materials for biogas energy while a Shockley diode principle was used for PV power model. This system was designed calculating the daily energy generated for biogas-solar energy combinations. The total power for the hybrid system is formulated and simulation was performed using MATLAB/SIMULINK.
Assumptions made in the biogas-solar system design: i.
The power generated from biogas and solar combination has to meet the total load of the system. ii.
Short term electrical power storage using lead-acid batteries is considered. The size of battery bank is worked out to substitute the solar PV during cloudy and no-sun days. iii.
Life time of battery bank is considered to be 5 years because this is important when estimating the capital costs. iv.
The AC power from the inverter of the system is fed to the distribution network of the community.
A. Mathematical Modeling of Biogas Digester
A total of 1000 pigs each with a weight of approximately 60 kg are used to generate the bio-digester. The mass of the solid waste available, volume of the fluid, volume of the digester required for processing the solid waste, volume of the biogas produced by the digester within the range of the retention time and the energy output from the digester were calculated.
The mass of dry solid in waste is given by:
The volume of biogas is given by:
The volume of fluid in the digester is given by:
The volume of the digester is given by:
The energy generated is given by:
where;
is the number of animals that produced the dung. is the solid in waste per animal per day/kg. is the biogas yield per unit dry mass of whole input is the heat of combustion per unit volume of biogas.
B. Mathematical Modeling of Solar PV Data
Solar PV system was modeled using the Shockley diode principles, which was realized by an equivalent circuit that consists of a current source in parallel with diode as shown in Fig. 1 . From the circuit, the solar cell current and solar cell voltage was calculated as follows:
Therefore, the solar cell voltage is:
The maximum power point of the solar cell is given as: . IV P M  (10) Therefore, the power generated by solar energy is:
where I D : is the diode current. I 0 : is the diode saturation current. q: is the electron charge. I: is the solar cell current. I PV : is the light generated current. I Sh : is the short circuit current. R S : is the solar cell series resistance.
C. Data Collection
Solar resource was obtained through global irradiation information and biogas digester was sampled using Pig dung. The data collected was translated and interpreted in order to extrapolate the measurements. Table I shows the typical parameters for fattening pig waste of biogas digester. 
III. DISCUSSION OF RESULTS
The simulation results are presented in Fig. 2-8 . The results indicate that there is an increase in the volumes of biogas as the number of Pig increases. This is due to the mass of solid waste available for the processing. Fig. 3 illustrate the correlations between the electric energy generated with the number of pig used. After processing the dung of 100, 200, 300, 400 and 500 fattening pigs the values of electric energy generated are 20.016 kWh/day, 40.032 kWh/day, 60.048 kWh/day, 80.064 kWh/day and 100.08 kWh/day respectively. In addition, processing of dung of 600, 700, 800, 900 and 1000 fattening pigs generate electrical energy of 120.096 kWh/day, 140.112 kWh/day, 160.128 kWh/day, 180.144 kWh/day and 200.16 kWh/day respectively. The results show that the amount of electrical energy generated by fattening pigs is directly proportional to the number of fattening pigs used, this is due to the heat combustion per unit volume of the biogas. Fig. 4 depicts the relationship between the electric power generated in kW/day and the number of fattening pig used. The values of electrical power generated in kW/day are 0.834, 1.668, 2.502, 3.336 and 4.17 respectively after processing the dung of 100, 200, 300, 400 and 500 fattening pigs respectively. More so, the values of electrical power generated in kW/day after processing of dung of 600, 700, 800, 900 and 1000 fattening pigs are 5.004, 5.838, 6.672, 7.506 and 8.34 respectively. The results show that the amount of electrical power generated by fattening pigs increases with the number of fattening pigs used, which is due to the heat of combustion per unit volume of the biogas. while the lowest energy of 3.5482 kWh/day was generated at an ambient temperature of C 0 65 . This shows a linear decrease in the electrical energy with increase in temperature. This is due to the number of hours of availability of radiance from the sun under typical weather condition of the environment. Fig. 7 shows the relationship between the environmental temperatures and the electric power generated in kW/day by a solar module. The highest value of electric power generated was 0.176 kW/day at an ambient temperature of 25 0 C. However, the lowest electrical power generated was 0.148 kW/day at an ambient temperature of C 0 65 . The graph shows a negative gradient due to the availability of radiance from the sun under weather condition. 
IV. CONCLUSION
A general hybridized optimization model for biogas/solar system for electrical power generation in Ade-Oyo, Ibadan has been presented. Excess energy from the biogas generator and solar PV are stored in a battery bank through hybrid controller. Energy stored in the battery is drawn by electrical loads through the inverter, which converts DC power into AC power. The digester materials for biogas energy were prepared using pig dung while a Shockley diode principle was used for PV power model. MATLAB software was used to carry out simulations to develop a general hybrid optimization model for both the biogas and solar PV systems. The results of the research gave a general optimization model which is linear in nature. 
